This study aimed to investigate the degree of colonic metaplasia in ileo -anal pouches. Biopsy specimens from 25 patients with functioning pouches, eight of whom had pouchitis, were studied using routine histology, mucosal morphometry, mucin histochemistry, and immunoperoxidase staining with monoclonal antibodies directed towards a 4OkD colonic protein and a small bowel specific disaccharidase-sucrase isomaltase. Thirteen patients (including all eight with pouchitis) had subtotal or total vilious atrophy and crypt hyperplasia. In this group, nine had colorectal type sulphomucin and the 40kD colonic protein was detected in two. These changes were not observed in patients with less severe vilious abnormalities. Sucrase-isomaltase activity was, however, present in all 25 pouch specimens. We conclude that although some ileal pouches acquire certain colonic characteristics, complete colonic metaplasia does not occur.
Restorative proctocolectomy with ileal pouchanal anastomosis is now an established alternative to proctocolectomy with an end ileostomy in the surgical management of ulcerative colitis and familial adenomatous polyposis. It has also been used in other diseases limited to the colon such as Hirschprung's disease'2 and idiopathic constipation. 3 As experience with this technique has grown, it has become evident that a syndrome of clinically apparent acute pouch inflammation, termed pouchitis, is becoming a major longterm complication. 45 In most large series the incidence of pouchitis is between 10-20%"9 but it seems to occur only in patients with previous ulcerative colitis, and unequivocal pouchitis has not been reported in other patients.' 9'3 The cause of pouchitis is unknown. Faecal stasis and reduced volatile short chain fatty acid concentrations in pouch stool,4 '4 "5 both of which may allow the overgrowth of toxin producing bacteria,46 have been suggested as possible mechanisms. Another hypothesis is that the pouch mucosa, in an adaptive response to its new luminal environment, undergoes colonic metaplasia2l
'I 1618 and thus may become vulnerable to immune damage in predisposed people. 2418 There has been some evidence that the pouch mucosa undergoes colonic metaplasia. Histologically, the ileal pouch mucosa may undergo a change from the villous structure of small bowel mucosa to a glandular morphology typical of colon.2 6 10It has also been found that in about 50% of patients, pouch mucin changes histochemically from small pouches with pouchitis compared with pouches without, and in pouches without pouchitis when compared to normal ileum. Some pouches without pouchitis had indices of villous atrophy similar to those seen in pouchitis. There was, however, no significant difference in total mucosal thickness between the three groups, indicating that villous atrophy was inversely related to crypt depth. Of the biopsy specimens from 25 pouches studied, 13 showed subtotal or total villous atrophy and crypt hyperplasia, and resembled colonic mucosa histologically. These included the eight patients with pouchitis, all of whom had originally had ulcerative colitis. Histologically, patients with pouchitis had prominent acute inflammatory changes with a moderate to severe degree of polymorphonuclear neutrophil infiltration which was at times associated with crypt abscess formation and mucosal ulceration. Most pouches without pouchitis had only a mild degree of chronic inflammation. Patients with pouchitis had significantly higher scores for acute and chronic inflammation when compared with patients with pouches but no pouchitis (Table II) . Patients with pouches but no pouchitis had scores of inflammation that were significantly higher when compared to those of normal ileum. There was no correlation between indices of villous atrophy and scores for mucosal inflammation.
There was a significant inverse correlation between the index of villous atrophy (VH/TMT) and the amount of colorectal type sulphomucin present in the pouch mucosa (r5= -0 628, p<0002) such that, sulphomucin was detected predominantly in the biopsy specimens with subtotal or total villous atrophy (Fig 1,  Table III had ulcerative colitis and the other familial adenomatous polyposis. The expression of the antigen was weak (+) and patchy, when compared with its strong expression (+++) in normal colon. The immunoreactivity, however, was similar to that in colon, namely along the baso-lateral areas of the surface and crypt epithelial cells.24 The 40 kD protein was not detected in normal ileal controls and its expression was greatly attenuated (+ and patchy) in the biopsy specimens from the four patients with active ulcerative colitis.
Sucrase-isomaltase activity was detected in all 25 pouch specimens. Its expression was strong (+ + +) on the surface epithelium and weaker (+ or + +) in the crypts, and was present mainly on the luminal surface of the cells. This pattern of expression, which was similar to that in the normal ileal controls, did not vary either with the degree of villous atrophy or inflammation (Fig 2) . There was no enzyme activity in normal or inflamed colons.
Discussion
Several studies have shown that the ileal pouch mucosa undergoes morphological changes246 12 17 group.bmj.com on April 15, 2017 -Published by http://gut.bmj.com/ Downloaded from that most probably reflect an adaptive response to the new luminal environment.'6 8 19 Change to a glandular morphology resembling colonic mucosa is common2 2 0 and can occur in up to half the pouches studied.6 Histochemical change in pouch mucin to sulphomucin is seen in pouches with villous atrophy.2 These findings have led to the hypothesis that the pouch mucosa undergoes colonic metaplasia and thus it may become vulnerable to immune damage or polyp formation in predisposed people.245I7
Until now, studies have defined colonic metaplasia in pouches by means of histological changes and changes in mucin histochemistry. We believe that the definition of metaplasia should also include functional and antigenic characteristics,29 in order to hypothesise that the changes observed in the pouch mucosa make it behave like colonic mucosa. This study has investigated such characteristics in pelvic ileal pouches.
For this study, pouchitis was defined as clinical symptoms with inflammation visible at endoscopy. These pouches had a more severe degree ofvillous atrophy (subtotal or total villous atrophy and crypt hyperplasia) than pouches without pouchitis. We also found that pouches without pouchitis had a greater degree of villous atrophy and crypt hyperplasia than normal ileal control tissue, and that in some of these pouches the degree of villous atrophy and crypt hyperplasia was similar to that observed in the pouchitis patients, a finding reported by others.2'7 Our observation that there was no correlation between the degree of villous atrophy and the score for both acute and chronic mucosal inflammation has also been reported in a recent study by Nasmyth et al. 6 As villous atrophy and crypt hyperplasia in pouches are associated with increased crypt cell proliferation'9303' (de Silva et al unpublished data), factors other than lymphokines may be important in stimulating crypt cell proliferation in pouches.
A change in pouch mucin to colorectal type sulphomucin was seen predominantly in the pouch specimens that resembled colonic mucosa histologically (subtotal/total villous atrophy and crypt hyperplasia) ( Sucrase-isomaltase activity was detected in all 25 pouch specimens regardless of the degree of inflammation, degree of villous atrophy, mucin type, or expression of the 40 kD protein. Activity was stronger in the surface epithelium, which consists of more mature cells than the crypts. This enzyme is specific to small bowel and although enzyme activity may be detected in mid-gestational fetal colon and undifferentiated colonic carcinomas, it is not present in normal or inflamed colon28 (it was not detected in our colonic controls). The finding of enzyme activity in all the pouch specimens is evidence that the pouch mucosa retains inherent small bowel characteristics and that complete colonic metaplasia does not occur. This is further supported by evidence that both pelvic and Kock pouches retain the ability to absorb D-xylose, phenylalanine, vitamin B12 and bile salts,30
I"' although a recent study'7 found impairment of both xylose and bile acid absorption.
This study has confirmed that the pouch mucosa can undergo the morphological changes of subtotal or total villous atrophy and crypt hyperplasia, giving it a striking resemblance to colonic mucosa. This change was associated with pouchitis, change to colorectal type sulphomucin, and, more rarely, the expression of a 40 kD 'colonic' antigen. Despite these changes, however, small bowel specific disaccharidase activity persisted, this being evidence that although some pouches may acquire certain 
